We present a case of a ten-month-old boy with Goldenhar's syndrome and significant retrognathia in whom a tracheostomy was performed to relieve upper airway obstruction. Tracheal intubation was facilitated by direct suspension laryngoscopy using a slotted rigid laryngoscope. We propose this technique as an alternative method for tracheal intubation in infants and young children with a difficult airway. The management of the difficult airway in children with Goldenhar's syndrome is discussed.
Goldenhar's syndrome is a rare congenital disorder of hemicraniofacial and vertebral defects related to the abnormal development of the first and second branchial arches. In some infants, congenital heart disease, pulmonary and renal defects are also present. Infants with Goldenhar's syndrome commonly have an airway which is difficult to manage [1] [2] [3] [4] . Difficult tracheal intubation may be due to a combination of retrognathia, micrognathia, mandibular hypoplasia, palatal defects and vertebral anomalies.
CASE HISTORY
We present a case of a 10-month-old boy who had been diagnosed with Goldenhar's syndrome at birth. He had retrognathia with left-sided mandibular hypoplasia and a large oral ranula ( Figure 1) . He also had a small patent foramen ovale, left pulmonary hypoplasia, left-sided microtia and an absent left thumb. Feeding was difficult because of uncoordinated sucking and swallowing and he weighed only 4.6 kg.
The child was first admitted to our hospital with recurrent chest infection. There were frequent episodes of haemoglobin oxygen desaturation and significant stertor was present. He was suspected to have upper airway obstruction related to his facial and nasopharyngeal skeletal anomalies, and mucosal oedema caused by the respiratory tract infection. A nasopharyngeal airway (a shortened size 2.5 endotracheal tube) was inserted with complete relief of the obstruction, improvement in oxygenation and carbon dioxide removal. The nasopharyngeal airway was left in situ over the next six weeks during his stay in the hospital, as removal of the airway resulted in recurrance of the haemoglobin oxygen desaturation. The airway was changed every week to avoid obstruction. In view of the persistent airway obstruction and recurrent chest infection, a decision was made to bypass the obstruction and facilitate tracheal toilet with a tracheostomy.
Preoperative assessment revealed no current infection and a patent airway via the nasopharyngeal tube during sleep. The pulmonary hypoplasia did not contribute to significant cardiovascular compromise and his blood gases were normal breathing air. There was no cervical vertebral anomaly. Difficult tracheal intubation was anticipated due to the presence of asymmetric mandibular hypoplasia with significant retrognathia and a relatively large tongue. A previous CT scan of the temporomandibular joint had shown an abnormally shaped condyle, but mouth opening was satisfactory. After discussion with the surgeon, we decided to attempt tracheal intubation using direct laryngoscopy after inhalational induction. If this should fail, suspension laryngoscopy would be attempted.
No premedication was prescribed. Intravenous access had already been established. After initiating monitoring of electrocardiograph, pulse oximetry, and end-tidal carbon dioxide, anaesthesia was induced using sevoflurane 6% in 100% oxygen delivered via an Ayre's T-piece circuit with Jackson Rees modification attached to the nasopharyngeal airway. When the depth of anaesthesia was adequate, direct laryngoscopy by the consultant anaesthetist revealed a Cormack and Lehane's Grade 4 laryngoscopic view 5 . External laryngeal manipulation did not improve the laryngoscopic view. Despite four attempts at direct laryngoscopy using different sizes straight blades and changes in position, tracheal intubation was unsuccessful. Airway patency remained satisfactory throughout this procedure.
We then proceeded to direct laryngoscopy using the paediatric Holinger-Benjamin rigid laryngoscope, length 9.5 cm (Product code 8574F, Karl Storz, Germany) with a slotted side channel, suspended on a Benjamin-Parsons miniature size laryngoscope holder and chest support (Karl Storz, Germany). The laryngoscopy was performed by the otolaryngologist, while the infant was kept anaesthetized with sevo-flurane via the T-piece circuit and nasopharyngeal airway. After some manipulations of the laryngoscope on the suspension, the laryngoscopic view changed from a Grade 4 to 2, with the posterior arytenoids just in view. The trachea was intubated with a size 3.5 polyvinyl chloride oral endotracheal tube ( Figure 2 ). Subsequent anaesthesia was with sevoflurane in 70% nitrous oxide and oxygen, atracurium and fentanyl, and the tracheostomy proceeded uneventfully.
DISCUSSION
In Goldenhar's syndrome, the difficulty with tracheal intubation is often far greater than the difficulty in maintaining an adequate airway. A recent retrospective review found significant correlation between the severity of radiographic mandibular abnormality and difficult tracheal intubation 6 . Our patient was classified to have Type II mandibular deformity with abnormal condylar size and shape. Type II mandibular deformity was associated with 26% and 9% difficult and very difficult tracheal intubation respectively 6 . We found tracheal intubation in our patient very difficult, despite the minor condylar anomaly. The method of radiographic prediction described by Nargozian et al has not been validated and may not be sensitive and specific in detecting difficult intubation.
In a series of children with Goldenhar's syndrome, a nasopharyngeal airway was used to maintain the airway during short surgical procedures without adverse effect 7 . In our patient, an intubated trachea was preferred to ensure a patent airway during the tracheostomy.
Inhalational induction using halothane has been previously described to facilitate tracheal intubation in infants with Goldenhar's syndrome 3, 4, 7, 8 . We chose a similar technique with sevoflurane which has also been recommended for difficult tracheal intubation 9, 10 . Sevoflurane can provide a smooth and rapid induction but if airway patency is lost, sevoflurane allows a faster recovery from anaesthesia than halothane.
Awake fibreoptic intubation via a laryngeal mask airway under topical anaesthesia alone has been previously reported in an infant with Goldenhar's syndrome 3 . We did not choose this technique as we were concerned that the potential airway irritation in the awake infant may compromise the airway. Fibreoptic intubation after induction of anaesthesia was considered, but an appropriate fibreoptic bronchoscope was not available.
A retrograde intubation technique has also been described for tracheal intubation in an infant with Goldenhar's syndrome 4 . We did not have any experience with the technique and were concerned with potential complications such as laryngeal spasm, airway oedema, haemorrhage, haematoma formation and surgical emphysema 4 . The small trachea of an infant this size would exaggerate the consequences of even minor degrees of airway compromise, increasing the risk of this approach.
In contrast to suspension laryngoscopy, laryngeal manipulation and other conventional techniques did not improve the laryngoscopic view. In patients with mandibular hypoplasia, the larynx is usually in a normal position with respect to other cervical structures, but the tongue, which is attached to the hypoplastic mandible, is more posterior than normal and overhangs the larynx, giving the impression that the larynx is anteriorly placed 11 . The small mandible also limits the size of the submandibular space which is required for anterior displacement of the tongue and soft tissue of the pharynx for adequate visualization of the vocal cords during laryngoscopy 12 relatively bulky tongue and hypoplastic mandible to allow visualization of the vocal cords. The more forceful, mechanically controlled and sustained lift of the upper airway by the suspended laryngoscope may facilitate a greater displacement of the upper airway structures. We were fortunate that our patient did not have any cervical vertebral anomaly, as it would have made the visualization of larynx even more difficult. About 40% of patients with Goldenhar's syndrome have vertebral defects 13 .
We did not encounter any difficulty with the airway during the procedure. If the airway had suddenly become compromised during the inhalational induction, we were prepared to insert a laryngeal mask airway (LMA). The benefit of the LMA in securing the airway has been previously reported 3, 14 . Once the LMA has been placed, fibreoptic assisted tracheal intubation via the LMA may also be considered 15 .
Suspension laryngoscopy is a technique commonly employed by otolaryngologists to visualize and access the larynx. We propose this technique as a useful alternative in difficult tracheal intubation. Although suspension laryngoscopy is relatively simple and is similar to standard intubation techniques, we would suggest that only anaesthetists trained in the technique should attempt this procedure. An experienced otolaryngologist may be the most appropriate clinician to perform a difficult tracheal intubation using the suspension laryngoscope.
Goldenhar's syndrome is often associated with difficult intubation. Induction of anaesthesia should only proceed after careful preparation and with well formulated contingency plans should problems with intubation or airway maintenance arise. Direct suspension laryngoscopy may provide a useful alternative method for visualising the larynx in infants and young children with a difficult airway. Further studies are required to assess the place of suspension laryngoscopy in the anaesthetist's armamentarium of difficult intubation techniques.
